spinal canal usually places several CNs and the vertebral and cerebellar arteries at risk. Consequently, their dis section can be challenging. Once contemporary studies report mortality rates of 0%, the primary focus related to management of schwannomas in the CCJ becomes the preservation and restoration of function of the lower CNs and of hearing and facial nerve function. 2, 17, 31, 43, 44, 51 Different surgical approaches have been used to fa cilitate the resection of tumors involving the CCJ and to reduce postoperative morbidity. 7, 9, 13, 15, 19, 27 The far-lateral approach has been used to manage lesions along the lat eral and anterolateral aspect of the foramen magnum, the upper cervical spinal canal, the inferior clivus, and their associated neurovascular structures. 39, 48 We have routine ly used the far-lateral approach to reach large schwanno mas located within the craniocervical region. However, variations in size and extension along the posterior fossa cisterns and foramina and neck guide the selection of the surgical approach instead of selecting a one-size-fits-all approach for all tumors. Stereotactic radiosurgery is also an effective weapon for addressing remnants and recur rences of nonvestibular schwannomas, for controlling re currences when GTR is too risky, and for serving as an alternative to another surgical intervention.
24,37,56
The origins of schwannomas compromising the cran iocervical region, their clinical presentation, microsurgical management and adjuvant stereotactic radiosurgery, and outcomes of 36 patients treated at the BNI are presented.
Methods

Patient Population
Between 1989 and 2009, 36 patients (19 male and 17 female patients) with schwannomas in the CCJ were sur gically managed at the BNI. Their mean age at presenta tion was 43.6 years (range 17-68 years). The mean length of follow-up was 24.6 months (range 0-110 months). Neurofibromatosis Type 2 had been diagnosed in 2 of the patients.
Methods
Each patient's medical charts and records were re viewed retrospectively to determine their clinical pre sentation, radiographic assessment, surgical approaches, adjuvant therapies, and outcomes at follow-up. The out comes of 2 patients, who were unavailable for frequent follow-up visits, were evaluated by telephone interviews. The KPS was administered to each patient at admission, discharge, and follow-up.
Based on radiological studies and surgical findings, schwannomas affecting the CCJ originated from 3 main sites: the jugular foramen, hypoglossal nerve, and upper cervical spine. Jugular foramen schwannomas in this se ries were classified according to the classification system proposed by Pellet et al., 35 modified from the Kaye grad ing system. 17 All other nonschwannomatous lesions were excluded.
Results
Seventeen cases of jugular foramen schwannomas, 6 cases of hypoglossal schwannomas, and 13 cases of schwan nomas of the upper cervical spine involving the CCJ were treated surgically with or without adjuvant radiosurgery (Fig. 1) . Sixteen schwannomas were located intra-and ex tradurally, 15 were intradural, and 5 were extradural.
Jugular Foramen Schwannomas
Jugular foramen schwannomas (Figs. 2 and 3) were managed in 17 patients (Table 1 )-9 female and 8 male pa tients, with ages ranging from 17 to 68 years (mean 43.5 ± 14.0 years). The tumor affected the left side in 10 patients (59%). Ten cases were classified as Type A tumors, 1 as a Type B tumor, 2 as Type C tumors, and 4 as Type D tu mors.
Headache was present in 9 patients (53%). Dysphagia occurred in 6 patients as well as hearing loss and tinnitus combined (35%). Hoarseness was observed in 5 patients (29%). Cerebellar impairment occurred in 5 patients (29%). One patient was admitted with seizures and unre markable findings on physical examination. An incidental tumor was encountered in a patient with neurofibromato sis Type 2. The involvement of CNs before surgery and at last follow-up, surgical management, and the extent of resection are summarized in Tables 1 and 2 .
Swallowing impairment developed or worsened in 8 cases (Cases 1, 2, 6, 7, 9, 13, 14, and 16); 3 patients devel oped aspiration pneumonia. Of these, 2 needed a tempo rary feeding tube, and 4 needed a temporary gastrostomy or jejunostomy and tracheostomy. Five patients required a vocal cord medialization procedure; Cases 2, 5, 14, 16, and 17 underwent thyroplasty. Two patients developed a CSF leak. Case 6 presented with an infection; both the CSF leak and resulting infection responded to lumbar puncture, placement of a lumbar drain, and a course of vancomycin and rifampin. Case 7 had a CSF leak that re solved after placement of a shunt and wound revision with abdominal fat graft packing. Deep venous thrombosis oc curred in one patient (Case 9) and wound dehiscence and infection in another (Case 14). After STR, 6 patients underwent stereotactic radio surgery. Tumor shrinkage was observed in 3 patients at a mean follow-up of 18.7 months (range 7-36 months). Tu mors remained stable in 2 other patients during their fol low-up (11 and 34 months). One patient presented with a recurrence 12 months after undergoing surgical interven tion. The tumor recurred again within 10 months of the new surgery and adjunctive Gamma Knife therapy; thus, the patient underwent a third debulking and CyberKnife therapy. A recurrence in this patient was observed after 14 months. The remaining 2 patients who underwent STR were followed up with serial MR imaging, which showed no tumor growth at last follow-up (6 and 13 months). No recurrence has been observed in the other patients.
Hypoglossal Nerve Schwannomas
Six patients (5 men and 1 woman) with hypoglossal nerve schwannomas in the CCJ were treated (Table 3 , Fig.  4 ). Their ages ranged from 18 to 58 years (mean 38.8 ± 16.1 years). The tumor affected the left side in 4 patients (67%).
Four patients had motor deficits (67%), and 2 of these 4 presented with tetraparesis. Hoarseness was identified in 50% of the cases. Two patients presented with tongue atrophy and associated CN XI impairment. Tables 2 and  3 show the involvement of CNs before surgery and at last follow-up, the surgical approaches, and extent of resec tion. One patient developed fungal meningitis with re sulting hydrocephalus (Case 18). She required multiple shunt insertions and revisions, a temporary jejunostomy, a tracheostomy, and thyroplasty. Complete excision was achieved in 3 cases; no recurrence was noticed through out the follow-up period. Shrinkage of the residual mass was observed in both patients undergoing adjunctive Cy berKnife therapy (at 11 and 19 months after irradiation). One patient was followed up with serial MR imaging, and a significant increase in tumor size was not observed in 42 months of follow-up.
Upper Cervical Schwannomas
Thirteen patients (7 women and 6 men) harboring up per cervical schwannomas were treated surgically (Table  4 , Fig. 5 ). Their mean age at presentation was 45.9 ± 10.6 years (range 23-60 years).
At onset, paresthesia, the most common symptom, was present in 69% of the patients; neck pain was found in 62%, whereas motor impairment was present in 6 patients (46%). Urinary incontinence was reported in 3 cases (23%). Table 4 summarizes the surgical approaches used to treat these patients. All tumors were resected completely. A CSF leak in 1 case (Case 14) was treated with a lumbar drain for 4 days. Case 34 underwent placement of a lum boperitoneal shunt to treat the development of a pseudo meningocele and hydrocephalus. There were no recurrenc es during follow-up.
Karnofsky Performance Scale Scores
The mean preoperative KPS score was 68.3 ± 15.2, and the mean postoperative KPS score at last follow-up was 80.8 ± 17.0. Outcomes were associated with the ori gin of the craniocervical schwannomas and preoperative involvement of CNs. Schwannomas arising from the up per CNs were associated with the best outcomes while the worst outcomes were associated with those arising from the jugular foramen and CN XII (Fig. 6 ). Table 5 shows the mean preoperative and postoperative KPS scores for tumors at each location.
Discussion
Epidemiology of Schwannomas in the Craniocervical Region
In the CCJ, schwannomas are less frequent than meningiomas, chordomas, and paragangliomas. 26, 41, 57 We found that the schwannomas in this region usually arose from the jugular foramen and from CN XII and the C-1 and C2 nerves (Fig. 1) .
Approximately 300 cases of schwannomas of the jugular foramen have been reported; these lesions con stitute 2.9%-4% of all intracranial schwannomas.
5,43,51,56
Kaye et al. 17 developed a grading system to classify jugu lar foramen schwannomas: Type A tumors were primarily intracranial with minimal extension into the bone. Type B tumors were primarily within the bone with or without an intracranial component (Fig. 3 ). Type C tumors were primarily extracranial with only a minor extension into the bone or posterior fossa. Pellet et al. 35 introduced a modification to this classification, labeling lesions with significant extra-and intracranial components (dumbbellshaped schwannomas) as Type D. Most schwannomas in our series were classified as Type A tumors (59%). The glossopharyngeal nerve is the most common origin of jugular foramen schwannomas; 2 indeed, tumor arose from this nerve in 31% of our cases. We did not find an origin in 69% of the jugular foramen schwannomas, a rate simi lar to those that have been previously reported.
2,17,47
The first case of a hypoglossal schwannoma was reported in 1933 by De Martel et al., 10 who described a completely intracranial lesion. This tumor can develop both intracranially and extracranially or remain com pletely extracranial. 45, 50 Almost 90 cases have been re ported, most of which were both intra-and extracranial lesions. 23, 32, 33, 46 In our patients, 4 schwannomas arising from CN XII (67%) were both intracranial and extracra nial (Fig. 4) , and 2 were completely intracranial (33%).
Spinal schwannomas represent about 30% of all pri mary spinal cord neoplasms and a third of all benign tu mors of the CCJ. 13, 34, 52 Together, the C-1 and C-2 nerve roots harbor 5% of all spinal schwannomas, which account for 18% of all cervical schwannomas.
11 The C-2 root is the typical site of origin. 11, 28 In our patients, 10 (77%) of 13 spi nal schwannomas arose from this location (Fig. 5) . In 149 cases, Jinnai et al. 16 reported that 28 nerve sheath tumors originated from the first 2 cervical roots: 75% were strictly extradural, 7% were strictly intradural, and 18% had both intradural and extradural components. George and Lot 11 studied 42 patients with C-1 and C-2 schwannomas and found that 45% were intra-and extradural lesions and 38% were strictly extradural lesions. However, in our study, strictly intradural C-1 and C-2 schwannomas represented a statistical plurality of all instances (46%).
Clinical Presentation
Pain was present in most of our patients harboring schwannomas in the CCJ: 72% presented with headache or neck pain. In a series of 16 patients with benign ex tramedullary tumors of the CCJ, including 6 schwanno mas, pain was also the most common symptom.
1 Head ache was the most common initial symptom in a review of schwannomas arising from the hypoglossal nerve. 32 
Menezes et al.
26 stated that the most common presenta tion is pain referred to the second cervical dermatome.
Despite common involvement of the region of the fo ramen magnum, symptoms are related to the origin of the tumor. In 23 patients with schwannomas of the jugular foramen and hypoglossal canal, hearing loss was pres ent in 50%, and hoarseness and dysphagia in 38%. 43 In 2 series involving 23 patients with jugular foramen schwan nomas, 17, 45 hearing loss, which usually occurs when these tumors are confined to the posterior fossa, was the most common symptom. Nevertheless, in 13 patients with large tumors extending to the CPA in our series, hearing loss 51 have reported a similar incidence of lower CN palsy (57%), Sarma et al. 45 reported an incidence of only 22%. In our series, only 3 patients (18%) had blurred vi sion, which Hakuba et al.
14 cited as a frequent complaint associated with jugular foramen schwannomas.
Because hypoglossal schwannomas arise from an ef ferent nerve located relatively distant from the other CNs, they usually remain clinically silent. Most patients present with symptoms related to elevated intracranial pres sure or mass effect on the high cervical nerves, brainstem, or cerebellum. 46, 49 Indeed, headache, often suboccipital or nuchal, has been reported as the most common present ing complaint, occurring in more than 70% of cases.
3,29
Berger et al. 3 also identified long-tract dysfunction and either weakness or atrophy of the tongue in 17% of their patients, and impairment of CNs IX, X, and XII in 11%. In a review of the first 35 cases described in the medical literature, 67% of the patients were described as having deficits involving CNs IX, X, and XI and the most charac teristic finding was unilateral tongue atrophy, deviation, and fibrillation. 32 Motor deficits were present in 67% of cases in the current series, the same percentage of pa tients as affected by lower CN impairment.
The spinal canal is relatively wide from the foramen magnum to C-2. Therefore, neoplasms involving the upper cervical spine usually remain silent for long periods.
52,55
When present, symptoms related to C-1 and C-2 schwan nomas suggest compression of the high cervical cord.
11
In a study of 42 patients with C-1 and C-2 schwannomas, George and Lot 11 found that motor deficits were present in 83% of cases and sensory deficits were present in 60%. Thirty-one percent had related posterior headaches, and 19% had sphincter disturbances. Accordingly, long-tract deficits were identified in 92% of our patients and either neck pain or headache in 69% (Table 4) . However, Jin nai et al. 16 observed that motor weakness rarely occurred as an initial symptom in these patients. Very rarely, subarachnoid hemorrhage may be associated with upper cer vical schwannomas with an intradural component. 8 
Surgical Approaches
The ideal approach to craniocervical schwannomas must be chosen based on the extension of the tumor and its relationship to the dura mater and neurovascular struc tures. There are numerous surgical approaches to the CCJ.
The far-lateral or posterolateral approach and the ex treme lateral or anterolateral approach and their variations provide excellent surgical access to lesions within or ex tending to the anterolateral CCJ. 4, 15, 39 They are commonly used to access schwannomas involving the jugular fora men, CN XII, and the C-1 and C-2 nerves. Kratimenos and Crockard 19 resected completely 4 anterolaterally located schwannomas and 1 laterally located schwannoma occupy ing the CCJ through a far-lateral approach. Of 42 patients harboring anterolateral tumors of the foramen magnum, 3 had intradural and extradural schwannomas (2 arising from CN XII and 1 bilateral C-1 schwannoma growing into the foramen magnum) that were excised completely through a lateral approach, in one case after partial resec tion of the condyle. 23 Wilson et al. 53 used a transcondylar approach to completely excise a CN XI jugular foramen schwannoma that extended into the neck. Sarma et al. 45 used an extreme lateral and partial transcondylar approach to completely resect 2 hypoglossal schwannomas predomi nantly involving the cisternal segment. In a series of 42 patients with C-1 and C-2 schwannomas, 11 were treated with a posterolateral approach, and 6 were treated with an anterolateral approach. 11 In the present study the far-lateral approach was used to resect 6 Type A, 1 Type C, and 3 Type D jugular foramen schwannomas (Fig. 7) . A posterior petrosectomy (2 infralabyrinthine, 1 retrolabyrinthine, and 1 transcochlear) was combined with a far-lateral exposure in 4 cases, allowing the sigmoid sinus to be mobilized and the tumor extension around the jugular bulb to be removed. A retrosigmoid approach was combined with a far-lateral approach in one case, widening the surgical exposure from the cerebellar tentorial surface to beyond the cervicomed ullary junction. Our group demonstrated recently the ver satility of the far-lateral and retrosigmoid approaches seen by applying their craniocaudal extensions as well as their full combination. 42 Adding a retrosigmoid window to a farlateral approach grants a generous view of the upper brain stem and upper clivus, improving safety in working around the CNs and the vertebrobasilar vessels. This combination allows removal of tumors with a large intracranial compo nent and minimal foraminal and extracranial components. Four CN XII schwannomas were also excised via a far-lat eral approach. Two were predominantly cisternal, one had a clival extension, and another had a craniospinal extension down to C-3. Drilling the posterior third of the occipital condyle grants access to tumor extensions in the hypoglos sal canal. 6, 39 The far-lateral approach also provided GTR in 5 patients with schwannomas of the first 2 cervical nerves: 2 ventrally placed intradural and extradural C-2 schwan nomas, a ventrally placed intradural C-1 schwannoma, a laterally placed intradural C-2 schwannoma, and a large extradural C-2 schwannoma extending beyond the fora men magnum. The posteromedial portion of the occipital condyle was drilled mainly when the lesion was located ventrally.
The posterior approaches (suboccipital and retrosig moid) are used to access dorsally placed and primarily intradural lesions. 20 In older series, the former were more frequently described for the management of purely in tracranial lesions. 3, 14, 17, 51 These approaches, however, are limited by the degree of retraction or rotation of the cer vicomedullary junction and the risk of manipulating vas cular and nervous structures. 19 Samii et al. 43 used a lateral suboccipital approach to resect intracranial jugular fora men schwannomas with minimal extension into the bone. The jugular foramen was drilled extradurally to safely resect the intraluminal extension. The retrosigmoid ap proach was our choice for small Type A and hypoglossal tumors, primarily located at the CPA, for 1 Type C tumor, and for 1 large Type D tumor (combined with a transjugu lar approach, Fig. 7) . Nevertheless, Samii et al. 43 suggest a cervical-transmastoid approach to manage all Types B, C, and D tumors. 43 We combined a neck dissection with a far-lateral or retrosigmoid approach whenever a large ex tracranial component extended into the nasopharyngeal carotid space, also providing an infratemporal trajectory. For tumors located primarily within the jugular foramen, retrolabyrinthine or infralabyrinthine approaches also al low direct exposure of the lateral margin of the jugular foramen. 14, 17, 49 We used the retrolabyrinthine approach in 1 patient and achieved complete resection. The retrolaby rinthine approach can also provide relatively direct expo sure of the hypoglossal canal.
14,32
Besides the restricted lateral exposure and the usual risks associated with a contaminated field, an anterior route via a transoral approach is often selected for ante rior extradural lesions. 13, 27 Crockard and Sen 9 used this approach to manage intradural lesions, including 2 C-1 schwannomas, one extending from the foramen magnum to C-2. Yang and Gao 54 used the transoral transpharynge al approach to manage a CN XI schwannoma straddling the posterior fossa and pharyngeal region.
Dorsal or dorsolaterally placed intradural, extradur al, and intradural-extradural C-1 and C-2 schwannomas can be treated through posterior approaches alone such as laminectomies (or hemilaminectomies) and lamino plasties.
12,16
Radiosurgery
The large experience in the radiosurgical treatment of vestibular schwannomas, using gradually lower doses associated with less morbidity and better results, led to studies on the management of nonvestibular schwanno mas. 37, 56 In 6 series involving 88 patients with jugular foramen schwannomas treated by primary or adjuvant radiosurgery, the rate of tumor control ranged between 94% and 100% and the rate of tumor shrinkage ranged between 44% and 60% with a tumor margin dose ranging from 12 to 18 Gy. 18, 22, 24, 31, 37, 38, 56 Of 27 patients studied by Zhang et al., 56 12 had undergone previous surgery. After a 3-year follow-up, patients had no neurological deficits and there was 1 recurrent tumor. Martin et al. 24 found improvement in lower CN function in 20% and stable impairment in 77% of 35 patients with jugular foramen schwannomas treated with Gamma Knife radiosurgery. When data pertaining to patients who had not undergone previous microsurgery were analyzed separately, the rate of improvement in lower cranial neuropathy reached 47%. Only 1 of 22 patients undergoing adjuvant radiosurgery presented with a recurrence, which occurred 7 months after radiosurgery, similar to 1 patient in our series who developed a recurrence within 10 months of undergoing adjunctive Gamma Knife radiosurgery (Fig. 8) . Despite the lack of long-term follow-up, we observed a decrease in tumor volume in 5 patients (3 with jugular foramen schwannomas and 2 with hypoglossal schwannomas) un dergoing either Gamma Knife or CyberKnife radiosur gery. The tumors remain stable in the other 3 cases.
Although it occurs infrequently, neurosurgeons may expect a transient increase in the volume of schwannomas treated by radiotherapy, but such an enlargement rarely leads to a new surgical intervention. 24, 36 The development of "black holes" on follow-up imaging is thought to indi cate a positive response within the schwannoma, usually leading to delayed shrinkage. 
Outcomes
In our series, compared with tumors originating else where, jugular foramen schwannomas were associated with the highest morbidity rates (Fig. 6, Table 5 ). Most complications were related to lower cranial neuropathies, mostly leading to hoarseness, swallowing, and breathing difficulties. Functional improvement occurred in 65% of 23 preoperatively impaired CNs. New CN deficits devel oped in 6 patients (35%). Swallowing worsened in 2 pa tients (33%) and developed in 6 patients (54.5%). Therefore, aspiration pneumonia occurred in 3 patients. Early swal low evaluation is fundamental and enteral nutrition is man datory in patients who do not recover a safe swallow in the short term. Six patients temporarily required enteral feed ing, and all patients are now able to feed orally. Medializa tion thyroplasty was performed in 5 patients to improve hoarseness, dysphagia, and aspiration. In 10 jugular fora men schwannomas, Sarma et al. 45 reported 2 postoperative CSF leaks, 1 case of bacterial meningitis, 2 patients who required thyroplasty, and 1 temporary jejunostomy. Simi lar results have been reported elsewhere.
43,53
Patients harboring hypoglossal schwannomas had a significant increase in KPS scores after surgery and reha bilitation (29%). Three patients experienced an improve ment of their initial CN deficits; however, there was no improvement when hypoglossal nerves were impaired. All patients who presented with motor deficits demonstrated improvement at late follow-up; one of them also recov ered from seizures and headaches but not from hoarse ness. Two patients had new CN deficits (33%). Meningitis, hydrocephalus, and dysphagia were complications in one patient, who required temporary jejunostomy. One patient (Case 20) died 3 years after surgery from causes unre lated to the procedure. In a review of 30 reported cases, Odake 32 reported that the rate of total tumor removal was 46.2%; the mortality rate was about 11.5% (3 deaths in 26 patients who underwent surgery).
Most of our patients with schwannomas arising from the first 2 cervical nerves had good outcomes: 54% re covered from their initial complaints, and symptoms im proved in the remainder. This group of patients had the biggest increments in KPS scores, a mean of 33% (Table  5) , and a mean score at last follow-up of 93. Motor deficits resolved in all patients who were followed in outpatient rehabilitation. Urinary symptoms also resolved in all cas es. In their 42 cases, George and Lot 11 obtained a 90.5% rate of marked improvement, and 2 patients with recur rent tumors died.
Conclusions
Schwannomas involving the CCJ are uncommon. In this region, they can arise from the jugular foramen nerves, hypoglossal nerve, and C-1 and C-2 nerves. Surgi cal removal, which is the treatment of choice, is curative when complete excision is obtained. The far-lateral ap proach is our workhorse for managing these lesions (Fig.  7) once the posterior and anterolateral surfaces of the fo ramen magnum, jugular foramen, hypoglossal canal, up per cervical spinal canal, and CPA can be reached and the main neurovascular structures, with or without its ex tensions, can be visualized. Small lesions in the CPA are managed with a retrosigmoid approach. A posterior pet rosectomy is combined with a main approach to manage large jugular foraminal components, while neck dissec tion is used when a large extracranial extension occupies the nasopharyngeal carotid space. Lesions restricted to the upper cervical spinal canal are resected via lamine ctomy or laminoplasty. The most common complications involve deficits of the lower CNs, which need early rec ognition and intervention, including physical, speech, and occupational therapy. As adjuvant therapy, stereotactic radiosurgery is an important tool for the management of these tumors, helping to decrease morbidity rates.
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